For many years it was believed that Actinomyces bovis (Harz, 1877) , isolated from lumpy jaw of cattle, and A. israelii (Kruse, 1896) LachnerSandoval (Breed, Murray, and Smith, 1957) , isolated from human actinomycosis, were one species. However, studies by Erikson (1940 Erikson ( , 1949 , Thompson (1950) , and Pine, Howell, and Watson (1960) provided morphological and biochemical evidence that there are two agents of actinomycosis: A. bovis, usually associated with bovine infection; and A. israelii, the common cause of human infections. Recently, Buchanan and Pine (1962) described a third agent of actinomycosis, A. propionicus. This organism was isolated from human lacrimal canaliculitis.
Division of the agents of actinomycosis into several species has received further support from cell-wall analyses by Cummins and Harris (1958) , serological studies by King and Meyer (1963) , and electron microscopy studies by Overman and Pine (1963) . It has been reported also that A.
I Supported by a National Institutes of Health postdoctoral fellowship (1962) (1963) . Present address: Division of Veterinary Science, University of Wyoming, Laramie. israelii is not host-specific as previously believed, as an organism isolated from "lumpy jaw" in a cow was identified as A. israelii by Pine et al. (1960) .
Although these organisms are referred to as the "anaerobic Actinomyces," their oxygen tolerance varies from species to species, and even among strains of a single species. They are more correctly called "microaerophilic to anaerobic actinomycetes. " In the identification of these organisms, a fourth species, A. naeslundii, must also be taken into consideration. This organism, described by Thompson and Lovestedt (1951) and further delineated by Howell et al. (1959) , has a greater oxygen tolerance than the other species, and has been called "facultative." However, under anaerobiosis with increased C02 , isolation and maintenance of the culture are more successful. A. naeslundii has not been proven to be a cause of human disease, but it is isolated frequently from human clinical materials and, because of its morphological and physiological similarity to the agents of actinomycosis, must be differentiated from them.
The purpose of the present report is to describe four unusual isolates of Actinomyces, two of bovine (A-13-R and A-13-S) and two of human origin (X407 and X573), and to compare them with authenticated strains of A. bovis, A. israelii, A. naeslundii, and A. propionicus.
MATERIALS AND METHODS
Organisms. Control strains were well-identified isolates of A. israelii (ATCC 10048, 12102 , and CDC A601), A. bovis (ATCC 13683 and CDC A-9), A. naeslundii (ATCC 12104 and Howell CS 1752) , and A. propionicus (ATCC 14157).
Strains ATCC 10048, 12102, and 13683 were studied recently by 13 members of an International Committee for the Study of the Microaerophilic Actinomyces. All 13 members, who studied these strains as unknowns, were in agreement with the identifications as listed above (J. M. Slack, personal communication). Pine et al. (1960) .
The two A. naeslundii strains, ATCC 12104 and CS 1752, were studied by HowA-ell et al. (1959 HowA-ell et al. ( , 1962 .
Strain ATCC 14157 is the tyl)e species A. propionicus described by Buchanan and Pine (1962) , and is the only known strain of this species.
The unknown strains studied are identified as A-13-R, A-13-S, X407, and X573. The sources of these strains are listed in Table 1 . Isolated from a human tear duct by Pine and Hardin (1959) and described by Buchanan and Pine (1962) Brain Heart Infusion (BHI) Agar plates. These were incubated at 37 C under an atmosphere of 5% C02 and 95% N2 (v/v). After 7 days, two colony types were observed. These were smooth, slightly convex, soft colonies with an entire edge, designated "S," and raised, rough-surfaced, "molar tooth" colonies with irregular, sometimes fringed edges, designated "R." These were selected and studied separately as A-13-S and A-13-R isolates.
These cultures, as well as the reference diagnostic cultures (X407 and X573) and the control cultures, received from various investigators, were transferred to "reinforced thioglycolate broth," i.e., thioglycolate broth with 10% horse meat infusion (RT broth); after several days of incubation, they were streaked on BHI and incubated anaerobically as above. Isolated colonies were picked, and the process was repeated twice to insure purity of strains.
Preservation of stock cultures. Inoculation of purified strains was made to "Actinomyces maintenance broth" (AM broth), in which the strains were grown at 37 C under pyrogallol-carbonate seals as described by Howell and Pine (1956) . After 5 to 7 days, the tubes were placed at -21 C and maintained at that temperature for the duration of the experiment. AM broth, which is a modification of the synthetic medium of Howell and Pine (1956) Oxygen-requirement determinations. Inoculum was taken from 3-to 4-day-old cultures in AM broth, and streaked on cotton-stoppered BHI Agar slants. To minimize variation in quantity of inoculum, a sample of well-mixed culture suspension was removed with a capillary pipette, and one drop was carefully streaked from the tip of the pipette in a single line from the base to the top of an agar slant. Six tubes were inoculated in this manner. All were incubated at 37 C: two anaerobically (pyrogallol-carbonate seal), two under microaerophilic conditions (candle jar), and two aerobically. The amount of growth was estimated visually as i to 4 + at 3 and 10 days. If a similar pattern was not observed in replicate tubes, the tests were repeated.
Biochemical tests. Biochemical tests were done according to the methods described by Howell and Pine (1956) and Howell et al. (1959) , except that the basal medium consisted of: Heart Infusion Broth, 25 g; pancreatic digest of casein, 4 g; and yeast extract, 5 g (per liter of distilled water at pH 7.0).
Inoculum for all biochemical tests, except for the carbohydrate fermentations, was taken from 3-day-old cultures in AM broth. Inoculum for carbohydrate fermentations was taken from cultures made in sugar-free Heart Infusion Broth.
The following biochemical tests were performed: catalase test, starch hydrolysis, nitrate reduction, litmus milk reactions, H2S production, and acid from carbohydrates (dextrose, xylose, mannitol, raffinose, and mannose).
In the fermentation tests, the carbohydrates were added to the basal medium at a concentration of 0.5%. A drop in pH of less than 0.49 pH unit (as compared with control tubes) was considered to be a negative reaction; a drop of 0.5 to 0.9 units, a plus-minus reaction; and a drop of one pH unit or more was considered positive.
Starch hydrolysis was determined by growing the strains on slants of basal medium to which had been added 5 g of soluble starch and 15 g of agar per liter. Hydrolysis was determined by flooding the slants with Gram's iodine solution.
Litmus milk reactions were studied in litmus milk reinforced with 0.5 % yeast extract and 0.3 % glucose.
Nitrate reduction was tested by growing the strains on the basal medium containing 0.1 % KNO3 .
H2S production was demonstrated by growing the organisms on BHI slants in cotton-plugged tubes with strips of lead acetate paper suspended above the medium, and incubating at 37 C in an 479 VOL. 88, 1964 anaerobic jar (95% N2 plus 5% CO2). (False reactions may be obtained with lead acetate paper, if tubes are sealed with pyrogallol-carbonate seals.)
Catalase tests were performed according to standard procedures. All cultures made for the biochemical tests (except for H2S production) were incubated at 37 C under pyrogallol-carbonate seals and read at 3 and 10 days.
Cell-wall analyses. Formalinized (0.5% formalin), washed cells were prepared from strains A-13-R, A-13-S, X407, and X573 which had been grown for 10 to 12 days at 37 C. The culture bottles contained 200 After obtaining preimmunization serum specimens, 1-mi suspensions of each strain were inoculated intravenously into each of three rabbits three times per week for 4 weeks; 1 week after completion of this schedule, serum specimens were obtained for antigen analyses.
After removal of the organisms by centrifugation, soluble antigens were precipitated by adding 2 volumes of acetone in the cold (5 C) to 1 volume of supernatant fluid; the mixture was then allowed to stand overnight at 5 C. The acetone was removed and the precipitate was redissolved in sterile distilled water containing Merthiolate (1:10,000), in an amount equalling 3% of the original supernatant. Soluble antigens were kept frozen until needed for testing.
Agar-gel techniques for determining antigenantibody reactions were carried out according to Ouchterlony's (1949) methods, except that the agar-gel employed was prepared according to the method of Schubert, Lynch, and Ajello (1961) . Reactions were observed at 2, 3, 4, and 5 days. RESULTS Control strains. Morphological studies of the control strains are not presented here, as these have been described adequately in the literature. In general, our results coincided with those descriptions. Results of the tests for oxygen requirements and the biochemical reactions are given in Table 2 . Serological studies are reported in Table 5 .
Unknown strains. Results of studies with each of the four unknown strains are discussed individually. Table 2 lists the oxygen requirements and biochemical reactions of the known and unknown strains. Table 3 describes the morphological characteristics of the unknown strains. Cell-wall composition of representative Actinomyces species and unknown strains is indicated in Table 4, and  Table 5 displays the antigenic relationships among these strains.
Unknown strain A-13-R. Growth occurred only under anaerobic conditions (Table 2) . Cultures in RT broth consistently formed small discrete granular and large lobulated "bread-crumb" colonies distributed throughout the lower fourfifths of the medium. The broth itself remained clear after shaking the tubes (Table 3) . Colonies grown for 48 hr on BHI plates were microscopic in size. Under 100 X magnification they appeared to be composed of delicate branched filaments that radiated from a central point. They closely adhered to the agar surface. The colonies were similar to the filamentous microcolonies of Actinomyces which have been described as "spider," or "A. israelii type," colonies by Pine et al. (1960) . All of the A-13-R microcolonies were of this type, both on first isolation and after 2 years of repeated subculture. Colonies (7 to 10 days old) were dull white and irregularly heaped. Some of the colonies had a fringe of mycelium. Many of the colonies had depressed centers and presented the "molar tooth" formation commonly seen in mature colonies of A. israelii. On first isolation, and in many subcultures, this was the only type of mature colony observed. However, after 2 years of storage in frozen AM broth, it was found that, although all of the microcolonies were still of the Morphologically, the A-13-R and A-13-R "S" colonies resembled quite closely the three A. israelii control strains: 10048, 12102, and A601. The morphology of A-13-R is shown in Fig. 1 and is summarized in Table 3 . The biochemical reactions of A-13-R are listed in Table 2 . They were the same whether the inoculum was taken from a typical "molar tooth" colony or from a convex, smooth-surfaced colony (A-13-R "S" colony). These reactions were not typical of either the control A. bovis strains or the control A. israelii strains. The inability to reduce nitrate suggested A. bovis, while the inability to hydrolyze starch suggested A. israelii. A pattern of acid production from carbohydrates appeared to be more consistent with that of A. bovis, as this species has not been reported to ferment xylose or raffinose although about 80 % of A. israelii strains ferment these two sugars.
Cell-wall analysis of A-13-R revealed a pattern of amino acids and sugars that was compatible with that of the A. bovis strains studied by Cummins and Harris (1958) . The principal amino acids detected were aspartic acid, glutamic acid, alanine, and lysine. Sugars were detected corresponding in position to rhamnose, mannose, fucose, and glucose or galactose (Table 4) .
Serological studies by the Ouchterlony technique revealed an antigenic relationship with control organism A. bovis (A-9). [Although no antigenic affinity was demonstrated against the second control A. bovis strain (ATCC 13683), A-13-R antiserum reacted with soluble antigens of two additional well-identified A. bovis strains, CDC A-8 and A-10, not included in this series.] A-9 antigen prxduced precipitin lines against the A-13-R antiserum. However, the reverse relationship was not shown i.e., A-13-R antigen did not react with A-9 antiserum, although it did react with its homologous antiserum ( Table 5 ).
The antigenic relationships between A-13-R and A-13-S are discussed under A-13-S.
Unknown strain A-13-S. Maximal growth was obtained under anaerobic conditions; however, 3+ growth was obtained under microaerophilic conditions (candle jar), and 1 + growth was obtained aerobically. Thus, A-13-S had a greater 02 tolerance than did A-13-R.
Colonies grown for 48 hr on BHI plates were just visible to the naked eye (pinpoint colonies). Under 100 X magnification, they appeared as flat, granular colonies with a central core of denser growth. The colony was circular, but the edge was finely serrated. No filamentous outgrowths were observed; 7-to 10-day-old colonies were dull white, slightly convex, with a smooth or slightly pebbly surface. The edges were entire and perfectly smooth. Thus, both the microcolonies and the mature colonies resembled the "S" or smooth A. bovis type described by Pine et al. (1960 Morphologically, A-13-S resembled quite closely the two A. bovis control strains A-9 and 13683. The morphology of A-13-S is illustrated in Fig. 2 and summarized in Table 3 .
The biochemical reactions of A-13-S are listed in Table 2 . These reactions appeared similar to those obtained for the two A. bovis control strains, and were typical for this species according to the studies of Pine et al. (1960) , except that fermentation of xylose was not reported by these authors. However, in our experience, the fermentation of this sugar has been variable for several A. bovis strains studied. The complete hydrolysis of starch by A-13-S was strikingly different from results with A-13-R. Hydrolysis of starch is a characteristic that Pine et al. (1960) reported for all the strains of A. bovis which they had studied.
Cell-wall analysis of A-13-S (Table 4) Serological studies by the Ouchterlony technique revealed an antigenic affinity between A-13-S and A. bovis (Table 5 ). Both of the control A. bovis strains, A-9 and 13683, reacted with A-13-S antiserum. The reverse reactions were positive also. Common antigenic fractions could be demonstrated among these three strains; however, the antigens of A-9 and 13683 were not identical to the A-13-S antigen. A-13-S antigen reacted with A-13-R antiserum, but did not react with A. israelii, A. naeslundii, or A. propionicus antisera.
The antigenic relationships between A-13-R and A-13-S antigens were interesting. A-13-S antigen reacted with both A-13-R and A-13-S antisera. A-13-R antigen, on the other hand, did not react with the A-13-S antiserum. It reacted only with its homologous antiserum, A-13-R (Table 5 ). It was demonstrated that A-13-R shared an antigen related, but not identical, to that found in A-13-S and A-9.
Unknown strain X407. Growth occurred only under anaerobic conditions (Table 2 ). Cultures in RT broth consistently showed diffuse growth containing soft lobular colonies (Table 3 ). The growth was confined to the lower four-fifths of the medium. The broth became completely turbid upon gentle shaking. After 48 hr, growth on BHI plates was just visible to the naked eye as pinpoint-sized glistening colonies. Under 100 X magnification, they appeared flat and granular with central cores of denser growth. The colonies were circular, but their edges were finely serrated. No filamentous outgrowths were observed. After 7 to 10 days of growth, colonies were dull white, slightly convex, with a smooth surface. The edges were entire and smooth. After 10 days, some of the larger colonies became irregularly conical and showed irregular grooves from the edge of the colony toward the center, giving a scalloped appearance to the edge of the colony. Other colonies developed a pebbly surface and thin flat scalloped peripheral growth.
Both the microcolonies and the mature colonies resembled our strains of A. bovis.
Gram-stained smears from solid media as well as from broth cultures showed gram-positive short diphtheroid forms. Many showed clubbed or tapered ends. Few branched forms were observed, but long filaments were not formed. The organisms appeared very similar to A-13-S. Figure 3 illustrates the morphology of X407.
The biochemical reactions of X407 (Table 2) were not typical of any of the control cultures. The ability to hydrolyze starch completely and the lack of ability to reduce nitrate suggested A. bovis; however, the sugar fermentation pattern suggested A. propionicus.
Cell-wall analysis of X407 revealed the follow- 'T'able 6 summarizes the findings on the four unknown strains. These are discusse(d below. DiSCUSSION A-13-R and A-13-S. On the primary isolation plates from cow head no. 13, the different appearance of the two colony types wsas -ery strik-ing.
Selection from the "R" and "S" colonies, followed by repeated streakings and picking of single colonies, ga-ve evidence that these Nere distinct and stable forms. The A-13-R strain regularly l)roduced filamentous "sl)ider" microcolonies (24 to 48 hr) which developed into firm, heaped, rough colonies (8 to 10 days). Both the microcolony and the mature colony of A-13-R correslponded closely to descriptions in the literature of A. israelii. The A-13-S strain regularly produced flat, granular microcolonies that developed into convex, soft, smooth-surfaced colonies with entire edges. Both the microcolonv and the mature colony corres)onded to descriptions of 4. botis. Therefore, the macroscopic morphology of A-13-R and A-13-S was suggestive of A. israelii and A. bovis, resp)ectively. This corresponds to the observations of Pine et al. (1960) for P2R and P$.S.
Study of 02 requirements and biochemical reactions further suggested identity with these two species. Both strains shared the important characteristics of the microaerophilic to anaerobic A4ctinornyces. The imlportant differences were the finding that A-13-S had a greater 02 tolerance than did A-13-R, and that it strongly hydrolyzed starch although A-13-R utilized starch very lpoorly if at all. Neither strain reduced nitrate. In general, the 02 requirements and biochemical pattern of A-13-S w-ere characteristic of 'A. bovis as described by Pine et al. (1960) , and the findings on A-13-R were in general characteristic of A. israelii.
However, the finding (Thompson, 1950) reactions of a number of human and bovine isolates we are currently studying, led us to search for further criteria before concluding that these were A. israelii and A. bovis.
Cell-wall studies performed for us by C. S. Cummins indicated a similar pattern of amino acids and sugars for both A-13-R and A-13-S. The pattern found was typical of those found previously by Cummins and Harris (1958) and Cummins (1962) for A. bovis. The presence of aspartic acid and rhamnose and other methyl sugars in both strains ruled out the possibility that either could be A. israelii. Essentially identical results were found previously by Cummins for strains P2R and P2S as described by Pine et al. (1960) .
Results of agar-gel precipitin tests indicated that A-13-S represented A. bovis. The A-13-R antigen deviated from the expected pattern by not reacting with any control A. bovis antisera; however, the A-13-R antisera reacted with A-13-S antigen and the antigens of three authenticated A. bovis isolates (A-8, A-9, and A-10). It did not react with 13683 antigen.
The study of A-13-R and A-13-S emphasizes the variability in morphology, oxygen requirements, and biochemical reactions in A. bovts. The finding of these two distinct morphological types within the species perhaps explains previous disagreement of workers regarding the causal agent of bovine actinomycosis and their reluctance to accept A. israelii as a separate species. It emphasizes the potential danger of reliance upon morphology for species identification within the two species, A. bovis and A. israelii. Finally, it points out a second morphological variance in the species A. bovis: (i) smooth to rough colonial variation, (ii) smooth and "spider" colonial variants reflecting diphtheroid and mycelial elements, respectively. X407 and X573. There appeared to be little doubt that X407 and X573 represented the same species. Morphologically they resembled A. bovis rather closely, and at first it was suspected that we might have evidence for the first authenticated isolations of A. bovis from human materials. However, both strains were less oxygen-tolerant than were the A. bovis strains we had studied previously, and although both strains hydrolyzed starch strongly, which is a characteristic of A.
bovis, the biochemical pattern in general was distinct from A. bovis.
Cell-wall analyses of these strains revealed a distinctive pattern of amino acids and sugars that had not been observed in other Actinomyces species. Serological studies showed no antigenic relationships between these strains and the control strains studied. It was concluded that X407 and X573 represented an actinomyces species that was different from all the previously described species.
These two strains and several other similar strains being studied currently will be described as a new Actinomyces species in a future publication.
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